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INTRODUCTION

Malignant ureteral obstruction (MUO), caused by intrinsic or 
extrinsic malignant lesions, is usually associated with advanced 
cancer. The presence of MUO is considered a poor prognostic 
factor because patients with MUO have a short median surviv-
al time (6.4 months).1-4 If the obstruction is not decompressed, 

obstructive uropathy can lead to renal insufficiency, uremia, 
urosepsis, or even death.5 Urinary diversion, including percu-
taneous nephrostomy (PCN) and ureteral stent placement, is 
generally performed to treat MUO. With advances in endou-
rologic devices and materials, ureteral stents have become the 
gold standard material for MUO treatment.6 However, a high 
stent failure rate has been reported, and PCN is still used as 
either a primary or secondary procedure in cases of stent fail-
ure.7 Optimal management of MUO is unclear and should be 
considered on an individual basis.3 Thus, there is a need to clar-
ify the type of urinary diversion ideal for patients with MUO in 
terms of rapid decompression and avoiding unnecessary pro-
cedures. In the current study, we aimed to analyze the prog-
nostic factors associated with stent failure-free survival and to 
develop a prediction model with which to determine the type 
of urinary diversion warranted in MUO patients with non-
urological malignancies.
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Purpose: To analyze prognostic factors associated with ureteral stent failure and to develop a prediction model for malignant ure-
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Materials and Methods: We retrospectively reviewed patients with non-urological cancers who underwent ureteral stenting or 
percutaneous nephrostomy (PCN) for MUO between 2006 and 2014. Variables predicting stent failure were identified using Cox 
regression analysis.
Results: Of the 743 patients, 468 (63.0%) underwent ureteral stenting only, and 275 (37.0%) underwent PCN owing to technical 
(n=215) or functional (n=60) stent failure. The median overall survival was 4 [interquartile range (IQR) 1–11] months, and the me-
dian interval duration to stent failure was 2 (IQR 0–7) months. In univariate analysis, lower gastrointestinal cancer, previous radio-
therapy to the pelvis, bladder invasion, lower ureteral obstruction, and low previous estimated glomerular filtration rate (eGFR) 
(<30 mL/min/1.73 m2) were significantly associated with a decreased survival rate. In multivariate analysis, bladder invasion and 
previous eGFR were significant predictors. With these two predictors, we divided patients into three groups based on their pres-
ence: low-risk (neither factor; n=516), intermediate-risk (one factor; n=206), and high-risk (both factors; n=21). The median stent 
failure-free survival rates of patients in the low-, intermediate-, and high-risk groups were 26 (8-unreached), 1 (0–18), and 0 (0–0) 
months, respectively (p<0.001).
Conclusion: In cases of ureteral obstruction caused by non-urological cancers, patients with bladder invasion and a low eGFR 
showed poor stent failure-free survival. Therefore, PCN should be considered the primary procedure for these patients.
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MATERIALS AND METHODS

This study was approved by the Institutional Review Board 
(IRB) of Yonsei University Severance Hospital (IRB number: 
4-2020-0521) and the requirement for informed consent was 
waived. Data were collected from patients who underwent 
PCN or ureteral stenting at our institution between January 
2006 and December 2014.

We retrospectively analyzed patients aged >18 years who had 
been diagnosed with non-urological malignancies based on ra-
diological and pathological findings. Ureteral obstruction was 
confirmed using computed tomography, magnetic resonance 
imaging, or ultrasonography. Patients with MUO who did not 
undergo PCN or ureteral stenting were excluded. Furthermore, 
patients in whom two stents had been inserted in a ureter or a 
metallic ureteral stent, patients who had previously undergone 
urological surgery or urinary diversion for benign conditions, 
such as urinary stones or urinary fistula, or had incomplete 
clinical or follow-up data were excluded from this study.

Data on age, sex, type of malignancy, previous treatment 
(surgery, chemotherapy, and radiotherapy to the retroperito-
neal or pelvic area), events related to malignant dissemination 
(peritoneal carcinomatosis, retroperitoneal or pelvic lymph 
node metastasis), diversion type (ureteral stenting or PCN), lat-
erality of PCN (unilateral or bilateral), pathologically confirmed 
bladder invasion of primary malignancy, obstruction level of 
the ureter (upper, mid, or lower), preoperative serum blood 
urea nitrogen and creatinine levels, estimated glomerular filtra-
tion rate (eGFR), hemoglobin level, and albumin level were col-
lected. Stent failure was divided into technical failure and func-
tional failure. Technical failure was defined as an inability to 
insert or replace the stent, while functional failure was defined 
as a worsening of impaired renal function, persistent hydrone-
phrosis, or the presence of a recurrent stent obstruction.

At the time of the urinary diversion, ureteral stenting was first 
performed in all patients. Before inserting ureteral stents, pa-
tients received analgesics (pethidine HCl 50 mg), and male pa-
tients received 10 mL of 2% lidocaine gel, which was retained in 
the urethra. A 6 Fr and 22–26 cm ureteral stent was passed over 
a guidewire under cystoscopic and fluoroscopic guidance. The 
wire was subsequently removed, and the coiling of both ends of 
the stent was confirmed using fluoroscopy. PCN was performed 
under local anesthesia when stent failure occurred. A 22-G nee-
dle was used to enter the renal calyces, and the correct place-
ment was confirmed radiologically using a dye. An 8-Fr PCN 
catheter was inserted after the tract had been gradually dilated. 
Proper placement of the stent or PCN catheter was confirmed 
using abdominal radiography. The stent or PCN catheter was 
changed every 3 months.

Stent failure-free survival time was defined as the duration 
between the initial diversion procedure and the point at which 
PCN was performed. If PCN was performed immediately after 
the initial stent insertion failed, the stent failure-free survival 

time was considered zero. Survival was estimated using the 
Kaplan–Meier method. Patients who died without PCN were 
censored at the time of death. Cox regression analysis was per-
formed to identify predictive factors for stent failure-free sur-
vival. The level of significance was set at 0.05 in all analysis. All 
statistical analysis was performed using SPSS version 26.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS

Baseline patient characteristics are presented in Table 1. The 
median age of the 743 patients was 57 years [interquartile 
range (IQR) 47–65], and 288 (38.8%) patients were male. Upper 

Table 1. Patient Characteristics (n=743)

Characteristics Value
Age, yr 57 (47–65)
Sex, male 288 (38.8)
Type of malignancy

Upper gastrointestinal 310 (41.7)
Lower gastrointestinal 168 (22.6)
Gynecological 164 (22.1)
Other 101 (13.6)

Previous treatment
Surgery 473 (63.7)
Chemotherapy 578 (77.8)
Radiotherapy to pelvis 167 (22.5)

Events related to malignant dissemination
Peritoneal carcinomatosis 473 (63.7)
Pelvic lymph node metastasis 192 (25.8)
Retroperitoneal lymph node metastasis 310 (41.7)

Final diversion type
Ureteral stenting 468 (63.0)
PCN 275 (37.0)

Laterality of PCN
Unilateral 203 (73.8)
Bilateral   72 (26.2)

Bladder invasion 66 (8.9)
Ureteral obstruction level

Upper 188 (25.3)
Mid 168 (22.6)
Lower 387 (52.1)

Previous laboratory results
Blood urea nitrogen, mg/dL 17.0 (12.0–28.9)
Creatinine, mg/dL 1.13 (0.83–2.12)
eGFR, mL/min/1.73 m2 62 (30–87)
Hemoglobin, mg/dL 10.5 (9.4–11.5)
Albumin, g/dL 3.5 (3.0–4.0)

eGFR, estimated glomerular filtration rate; IQR, interquartile range; PCN, per-
cutaneous nephrostomy.
Data are presented as median (IQR) or n (%).
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gastrointestinal (GI) cancer (310, 41.7%) was the most common 
malignancy. Other malignancies included lower GI cancer 
(168, 22.6%) and gynecological cancer (164, 22.1%). Before uri-
nary diversion, 473 (63.7%) patients had undergone surgery, 578 
(77.8%) had received chemotherapy, and 167 (22.5%) had 
been treated with radiotherapy to the pelvis for the primary 
malignancy. Regarding events related to malignant dissemina-
tion, peritoneal carcinomatosis was observed in 473 (63.7%) 
patients, pelvic lymph node metastasis was found in 192 (25.8%) 
patients, and retroperitoneal lymph node metastasis was ob-
served in 310 (41.7%) patients. The median values of previous 
eGFR, hemoglobin levels, and albumin levels were 62 (IQR 
30–87) mL/min/1.73 m2, 10.5 (IQR 9.4–11.2) mg/dL, and 3.5 
(IQR 3.0–4.0) g/dL, respectively. Sixty-six patients (8.9%) had 
bladder invasion of the primary malignancy. Upper ureteral 
obstruction was observed in 188 (25.3%) patients, mid-ureter 
obstruction in 168 (22.6%) patients, and lower ureteral obstruc-
tion in 387 (52.1%) patients.

Of 743 patients, 624 (84.0%) underwent ureteral stenting, and 
119 (16.0%) patients underwent PCN owing to technical failure 
at the initial diversion. In patients who underwent ureteral 
stenting, 156 were converted to PCN owing to technical (n=96) 
or functional (n=60) stent failure (Fig. 1). Of the 275 patients 
who underwent PCN, 72 (26.2%) underwent bilateral PCNs 
(Table 1). The median overall survival was 4 (IQR 1–11) months, 
and the median interval duration to stent failure was 2 (IQR 0–7) 

months. The survival rates of stent failure were 71% at 1 month, 
63% at 6 months, 54% at 12 months, and 22% at 24 months.

Univariate analysis indicated several factors as being asso-
ciated with short stent failure-free survival times, namely, low-
er GI cancer [hazard ratio (HR) 1.478; p=0.010], previous ra-
diotherapy to the pelvis (HR 1.393; p=0.012), bladder invasion 
(HR 2.272; p<0.001), lower ureteral obstruction (HR 1.357; 
p=0.043), and previous eGFR (<30 mL/min/1.73 m2; HR 2.826; 
p<0.001). Multivariate analysis revealed that bladder invasion 
(HR 1.969; p<0.001) and low previous eGFR (HR 2.660; p<0.001) 
remained significant predictors (Table 2).

Table 2. Cox Regression Analysis of Predictors of Stent Failure-Free Survival

Univariate Multivariate
HR 95% CI p value HR 95% CI p value

Age 0.915 (0.717–1.166) 0.471
Sex 0.999 (0.989–1.010) 0.903
Type of malignancy

Upper gastrointestinal 1 (reference)
Lower gastrointestinal 1.478 (1.098–1.990) 0.010 1.263 (0.970–1.643) 0.083
Gynecological 1.076 (0.779–1.485) 0.656
Other 1.241 (0.849–1.816) 0.265

Previous treatment
Surgery 1.182 (0.918–1.522) 0.196
Chemotherapy 0.918 (0.696–1.212) 0.548
Radiotherapy to pelvis 1.393 (1.076–1.803) 0.012 1.202 (0.922–1.567) 0.175

Events related to malignant dissemination
Peritoneal carcinomatosis 0.980 (0.767–1.251) 0.868
Pelvic lymph node metastasis 1.259 (0.973–1.629) 0.080
Retroperitoneal lymph node metastasis 0.998 (0.782–1.274) 0.986

Bladder invasion 2.272 (1.643–3.142) <0.001 1.969 (1.407–2.754) <0.001
Ureteral obstruction level

Upper 1 (reference) 1 (reference)
Mid 0.882 (0.603–1.289) 0.515 0.901 (0.615–1.319) 0.591
Lower 1.357 (1.010–1.822) 0.043 1.094 (0.808–1.483) 0.560

Previous eGFR (≥30 mL/min/1.73 m2 vs. <30 mL/min/1.73 m2) 2.826 (2.205–3.620) <0.001 2.660 (2.070–3.420) <0.001
CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; PCN, percutaneous nephrostomy.

Technical failure

MUO 
(n=743)

Stent 
(n=624)

PCN 
(n=119)

Conversion to PCN 
(n=156)

Technical failure (n=96)
Functional failure (n=60)

Stent 
(n=468)

Fig. 1. Flow chart for study inclusion. MUO, malignant ureteral obstruc-
tion; PCN, percutaneous nephrostomy.
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Patients were divided into three groups based on these two 
factors: low-risk (neither factor; n=516), intermediate-risk (one 
factor; n=206), and high-risk (both factors; n=21). PCN was 
performed at frequencies of 26.6%, 58.7%, and 81.0% in the 
low-risk, intermediate-risk, and high-risk groups, respectively. 
The median stent failure-free survival rates of the patients in 
the low-, intermediate-, and high-risk groups were 26 (8-un-
reached), 1 (0–18), and 0 (0–0) months, respectively (p<0.001) 
(Fig. 2). The survival rates at 1 month were 82%, 45%, and 24% 
in the low-, intermediate-, and high-risk groups, respectively.

DISCUSSION

Optimal management of MUO is unclear, and there is a high 
stent failure rate. We found that bladder invasion and low eGFR 
before urinary diversion are associated with poor stent failure-
free survival in MUO caused by non-urological malignancies.

The treatment decision for MUO is difficult because physi-
cians should consider patient quality of life (QoL), renal func-
tion preservation, and risk of complications in the setting of a 
poor prognosis. There has been extensive debate on the risks 
and benefits of PCN and ureteral stents for urinary diversion. 
PCN is an effective method of relieving the ureteral obstruc-
tion, and the technical success rate is high (96%–100%).8 How-
ever, there is a risk of complications, such as bleeding, bowel 
transgression, pleural complications during the procedure, pain, 
dislodgement, and blockage during maintenance.9,10 In addi-
tion, an external drainage tube and bag can be burdensome, 
limit physical activity, and interfere with sleep.11 Ureteral stents 
are less invasive than PCN, but the success rate of ureteral stent 
insertion (around 85%) is lower than that of PCN.8 Ureteral 
stents have problems of encrustation, obstruction, and migra-
tion. Moreover, patients with ureteral stents have irritative symp-
toms, including dysuria, hematuria, and frequent urination.12

Several prospective studies have investigated the impact of 
urinary diversion types on QoL, and research suggest that there 
is no significant difference before and after diversion or accord-
ing to the diversion types.10,13,14 Monsky, et al.10 evaluated QoL 
in patients with MUO who received PCN (n=16), double J stents 
(n=15), or internal-external nephroureteral stents (n=15). QoL 
surveys, which included questions about symptoms and phys-
ical, social, functional, and emotional well-being, were con-
ducted at 7, 30, and 90 days after urinary diversion. The results 
indicated no significant difference in QoL among the three in-
terventions. Lapitan, et al.14 investigated 60 patients with ad-
vanced cervical cancer who underwent urinary diversion 
(ureteral stent placement or PCN) for MUO. QoL was assessed 
using the Functional Assessment of Cancer Therapy Scale (Gy-
necologic) at baseline and at 3, 6, 9, and 12 months. There was 
no significant difference at any follow-up interval. Aravanti-
nos, et al.13 assessed QoL in 270 patients who underwent PCN 
for MUO before and 1 month after the procedure. QoL scores 
of the European Organization for Research and Treatment of 
Cancer Core Quality of Life (version 2) questionnaire did not 
show significant differences in non-urological malignancies.

Patients with MUO have a high stent failure rate (range 37%–
51%), and stent failure could be considered a prognostic factor 
for mortality and a sign of cancer progression.1-5 When inade-
quate decompression of MUO with a stent is detected, conver-
sion to PCN should be performed promptly. Thus, identifying 
factors for stent failure-free survival would help physicians de-
termine which diversion type is effective when MUO first oc-
curs and avoid unnecessary procedures. Yu, et al.6 evaluated 
the outcomes of 71 patients and found that the presence of mid 
or lower ureteral obstruction (HR 3.27, p=0.007), preoperative 
serum creatinine level of >1.2 mg/dL (HR 2.16, p=0.044), and 
inflammation-based prognostic scores ≥1 (HR 7.22, p=0.001) 
were associated with poor stent failure-free survival. Kim, et 
al.15 assessed clinicopathological parameters and retrograde 
pyelographic findings in 284 patients. Significant predictors of 
stent failure were grade 4 hydronephrosis (HR 4.10, p=0.010), 
irreversible ureteral kinking (HR 2.72, p=0.043), presence of 
bladder invasion (HR 4.78, p=0.002), and multiple ureteral 
stricture lesions (HR 3.46, p=0.010). Matsuura, et al.16 analyzed 
132 ureters in 91 patients who initially underwent successful 
stent insertion, and bladder invasion (HR 4.12, p=0.005) and 
severe hydronephrosis (HR 5.89, p<0.001) were significant 
factors associated with stent failure. We identified bladder in-
vasion and previous eGFR as predictors of stent failure-free 
survival. In patients with bladder invasion by primary malig-
nancy, it is difficult to identify the ureteral orifice and to insert 
the ureteral stent (technical failure). Moreover, poor renal func-
tion prior to urinary diversion indicates severe obstruction of 
ureter and progression of primary malignancy. The ureteral 
lumen may be too narrow for stent insertion (technical fail-
ure), or the stent may be unable to overcome the external pres-
sure (functional failure).
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Fig. 2. Kaplan-Meier curve of stent failure-free survival.
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This is the largest study of stent failure in 743 patients with 
MUO. We divided the patients into three groups using risk clas-
sification based on bladder invasion and previous eGFR. In the 
intermediate- and high-risk groups, the median survival time 
was not more than 1 month, which was significantly lower than 
that in the low-risk group. Eventually, patients in the intermedi-
ate- and high-risk groups underwent PCN before the first ure-
teral stent replacement. Therefore, because only a few patients 
with bladder invasion or low eGFR benefited from the ureteral 
stent placement as the primary diversion, it would be better to 
perform PCN in these patients initially. Early PCN in selective 
patients could achieve rapid decompression of the MUO and 
preserve renal function before further deterioration. Urinary 
diversion in patients with MUO has not been shown to extend 
survival from malignancy markedly, but the preservation of 
renal function is important to receive treatment, such as che-
motherapy.3,17

This study has several limitations. First, all data originated 
from a single institution and were retrospectively reviewed. 
Therefore, the results of this study may not be generalizable. 
Second, information regarding complications and QoL from 
the patients’ perspective was not included. Finally, an external 
validation study is required to confirm our results and to es-
tablish clear guidelines for the management of MUO.

In conclusion, in cases of ureteral obstruction caused by 
non-urological malignancies, bladder invasion and low eGFR 
before urinary diversion are associated with poor stent failure-
free survival. Therefore, PCN should be considered the prima-
ry procedure for these patients. Our prediction model may 
provide a promising risk classification for patients with MUO 
who require urinary diversion and help physicians decide on 
the type of diversion. 
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